This paper presents the results of a study undertaken at one general practice in the UK as part of the process of planning an injury prevention intervention study. As part of planning the study, it was important to consider whether the interventions should be offered to all children or only to children identified as being at high risk.
Many factors have been identified as being associated with an increased risk of unintentional injury in childhood, such as male sex, family size and structure, previous medically attended injury, young maternal age at birth of first child, and various measures of socioeconomic status.'I-1 Over recent years there have been suggestions, including the governments health strategy for the UK,34 1112 that injury prevention programmes should be targeted at children at high risk of injury.
Several workers have discussed the difficulties of doing this. The Child Health and Education Study found that case definition was important in determining which factors were associated with injury. So, for example, the risk factors associated with having one or more medically attended injuries differed from those associated with admission to hospital for an injury.'0 A second problem is that the sensitivity and positive predictive value of some factors in predicting which children will have injuries has been found to be low. This suggests that only a small proportion of injuries could be prevented by targeting injury prevention at children identified by this method. 2 The alternative to targeting injury prevention to those at high risk, is to use a population approach. This is feasible in primary care in the UK, where all children aged under 5 years see a general practitioner or practice nurse at least once a year." A programme of primary care based child health surveillance currently exists, and has been found to reach children at high risk of injury. '4 This could be used to offer systematic age specific anticipatory injury prevention as described by The Injury Prevention Program (TIPP) ."
This study, therefore, examines the relationship between risk factors and injury outcomes and assesses the feasibility of using risk factors to identify children at high risk. The findings inform the decision regarding using a whole population or a targeted approach in a primary care intervention study.
Methods
A postal questionnaire was sent to all parents and older children (age 12-16 years) registered with the practice in 1993 (n=771). Nonresponders were reminded by telephone after two weeks and sent a further questionnaire if requested. Non-responders without a telephone were sent a second questionnaire. The questionnaire contained two sections; the first concerned age specific questions on safety practices and safety equipment possession and use, the results of which were not used for this study. The second section contained questions about risk factors for unintentional injury as identified from the published literature' -10 and sociodemographic details. The reliability of the questionnaire was assessed by a test-retest procedure on a sample of 34 mothers from a child health clinic in a location with a similar socioeconomic profile to that of the study population. Consistency of responses was assessed by calculating K coefficients. The responses to four questions (age, sex, postcode, previous medically attended unintentional injury) were validated from the medical records of a systematic one in 10 sample of children of responders still registered with the practice one year after the survey. Where a child had left the practice the next child on the list was used. K Coefficients were calculated to assess the degree of agreement between the responses on the questionnaire and the data in the medical records.
One year later, all children still registered with the practice were followed up for the occurrence of injuries, by a manual and computer search of the primary care records and a computer search of the hospital records at the only local hospital with an accident and emergency department. Injury severity was calculated using the 1990 version of the abbreviated injury scale (AIS).16 Non-responders to the questionnaire who were still registered with the practice were followed up in the same way. The outcomes used for this study were primary care and accident and emergency attendances and hospital admissions for unintentional injury.
The data were analysed using x' tests for categorical data. As the number of injuries by each risk factor was skewed to 
Results
Altogether 587 questionnaires were returned, giving a response rate of 78%. Twenty one of the questionnaires used for reliability testing were returned (62%). Twelve questions had identical responses on both questionnaires and a K coefficient of 1.00. The remaining two questions had K coefficients of 0.94 and 0.87.
The age, sex of the child, and postcode recorded on the questionnaires were identical to that recorded in the notes for all 58 children. The K coefficient for medically attended injuries was 0.81.
The age distribution of children for whom questionnaires were completed did not differ significantly from that of the non-responders (X2=6.l, 4 degrees of freedom, p=0.19), but significantly fewer parents of girls responded (X2=9.6) 1 degree of freedom, p=0.002). Over the one year follow up period, 47 children left the practice. Of the 540 children still registered, 96 children had a total of 133 injuries, accounting for 141 attendances at a health care facility. Seventy of these attendances were treated by the primary health care team, 67 at the accident and emergency department, and four children were admitted to hospital after injury. The injury rate was 246 injuries per 1000 children per year, that for non-responders was 357 per 1000 (X'=3.27, 1 degree of freedom, p=0.07). The AIS scores of all injuries ranged from 1-3, with 87% having a score of one. Not surprisingly, with such little variation in scores, there were no significant associations between injury severity and any of the risk factors.
Based on univariate analyses, only a history of a previous medically attended injury was significantly associated with attendance at any health care facility, attendance at the accident and emergency department, and at the primary health care team. Male sex was significantly associated with attendance at the accident and emergency department only. None of the other factors showed any significant association with any injury outcome.
The relative risk and 95% confidence interval (CI) for each injury outcome by each risk and sociodemographic factor are shown in table 1. Logistic regression models were fitted for each outcome variable. Models were built using forward and backward stepwise selection and by entering all variables on one step. Each method produced identical models for each outcome. The final model for all injury attendances and for primary health care team attendances included only previous injury (odds ratio (OR) 2.33, 95% CI 1. 37 Using the number of injuries as the outcome measure, previous medically attended injury and young maternal age at birth of first child were associated with a significantly higher number of injuries (table 2). Multiple linear regression produced identical results as the univariate analyses. The predicted number of injuries in the subsequent year, based on the final regression equation for a child with a mother aged over 20 at the birth of her first child who has had at least one previous medically attended injury is 1.11, whereas a child with a mother aged 20 or under at the birth of their first child who has not had a previous medically attended injury has a predicted number of injuries in the subsequent year of 0.99.
The number of children and the number of injuries occurring to children in each risk factor group is shown in table 3, along with the sensitivity, specificity, and positive predictive value for each factor in predicting which children will suffer future injury. These results demonstrate that the sensitivity and positive predictive value is low for most factors; thus the number of children needed to be targeted for injury prevention does not differ significandy from the number who would need to receive an intervention if a population approach was used.
Discussion
It has not been possible in this study to replicate the associations previously found between risk factors for childhood injury and many injury outcomes. It is important to consider the possible explanations for this because the implications of this finding are that such risk factors should not be used for targeting primary care based interventions. Chance, bias, confounding, or a true lack of association are all potential explanations which need to be considered.
A posteriori sample size calculations indicate that the study was sufficiently powerful (80% power, 5% significance level) to detect a relative risk of a medically attended injury of less than 2 for male sex, four or more children in family, non-owner occupation, receipt of means tested benefits, and previous medically attended injury. As attendance at the primary health care team and at the accident and emergency department were less common outcomes, the study was only able to detect larger relative risks for these outcomes. Previous studies have found relative risks of this magnitude (that is 2 or less) for child age, maternal age, single parenthood, previous medically attended injury, sex, and socioeconomic disadvantage.' 2 3 5 12 20-24 Therefore, it seems unlikely that a type II error can explain the lack of association found between most risk factors and having at least one medically attended injury.
Previous work suggests that responders to postal questionnaires often differ from nonresponders in terms of demographic and socioeconomic factors such as age, sex, social class, ethnicity,25 26 and single parenthood.27 28 A response bias has been demonstrated in which girls and older children with a history of previous medically attended injury were underrepresented among the responders. Also, the unintentional injury rate over the follow up year was higher in children of non-responders. Previous studies in primary care and accident and emergency settings have found injury rates similar to that of children of responders found in this study,'3 2 s 3o SO it is unlikely that response bias will have had a major effect on the results. Furthermore, assuming that all children of non-responders had a history of previous injury and experienced the injury rate for non-responders found in this study, the relative risk for a future injury in those with a history of previous injury would increase from 1.79 to 2.05, which would not substantially alter the results.
Much of the work on risk factors for unintentional injury originated from the Child Health and Education Study, which commenced 25 years ago, based on a population comprising all children born in one week in England and Wales. It is possible that the variables used in this study have not been able to identify a group of children at high risk of injury because of changes in social structure over time or because of the relatively affluent population used in this study." Some variables are directly comparable betweeen the two studies: the Child Health Education Study had less than 5% of their study population with four or more children in each family,7 compared with 11.8% in this study; fewer than 5% of the children came from single parent families9 compared with 9.7% in this study, and 8.6% of mothers whose first child was born before the age of 20 years8 compared with 6.5% in this study. Over the last 25 years single parenthood has become more prevalent and single parents are an increasingly heterogeneous socioeconomic group.32 Maternal age at birth of first child has risen over the same period." The children of such single parents or young mothers today may therefore have differing risks of injury than they did at the time of the Child Health and Education Study.
The use of a relatively affluent population may influence the utility of the risk factors for identifying children at high risk of injury. The experience of poverty or disadvantage cannot be separated from social context, hence variables used to describe socioeconomic status may reflect different life experiences in a relatively affluent area than in a deprived area. For example, non-owner occupation in an affluent area may be a qualitatively different experience than non-owner occupation in a deprived area where other facilities such as safe play or leisure areas are less likely to be available. The risk factors may therefore be more discriminating in terms of injury risk in a less advantaged population. A further difficulty with some of the risk factors used in this study is that their presence may be less important than their duration. For example, long term unemployment is likely to reflect different socioeconomic-economic circumstances than short term unemployment, such as increasing financial difficulty, increasing frequency of stressful life events, decreasing quality of the home environment, increasing social isolation and reduced self esteem,24 all of which may be important in preventing injury. This study did not measure duration of indicators of socioeconomic disadvantage, but it may be useful for future work in this area to do so.
Confounding factors such as proximity to hospital, maternal inexperience in dealing with injury and non-accidental injury are unlikely to explain the observed results. The practice area is geographically small and located close to the accident and emergency department. Children with older mothers were found to suffer a greater number of injuries than children with younger (and possibly more inexperienced) mothers. This is contrary to what would be expected if maternal inexperience was a confounding variable. At present none of the children registered with the practice are on the child protection register, so non-accidental injury is unlikely to be a plausible explanation.
It is possible that factors relating to health service utilisation are confounding the relationship between risk factors and injury occurrence because the majority of injuries in this study were minor. This suggestion is supported by the findings of the Walsh and Jarvis who examined cases of moderate (injury severity score (ISS) > 4) or severe injury (ISS ) 9) and death and found a significant association between socioeconomic status (measured by Townsend index) and injury. ' that for most risk factors the factor will miss most of the children who will have an injury in the subsequent year, because they are not in the high risk group. At the same time it will identify a large proportion of children as being at high risk who will not have an injury. The high specificity for most factors means they will correctly identify most of the children who will not have an injury. The number of children needed to treat to prevent one injury does not differ significantly using the targeted or population approach, but only the population approach has the potential to prevent all injuries.
This study, therefore, supports previous suggestions that targeting injury prevention at groups of high risk children is not efficient in terms of the number of children that would have to be targeted and the potential number of injuries prevented. Instead, as children have repeated contacts with members of the primary health care team, especially in the first five years of life and as injury prevention programmes, such as TIPP, do exist which could be incorporated into these contacts it is suggested that primary care injury prevention programmes should use a population approach.
In terms of prevention in settings other than primary care and in populations suffering more severe injuries, more work is needed assessing the efficiency of targeted versus population strategies.
